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FOREWORD 

Section 304(a)(l) of che Clean Water Ace of 1977 (P.L. 95-217) requires 
the Administrator of the Environmental Protection Agency co ~ublish criteria 
for wacer quality accurately reflecting the latest scientific knowled~e on 
che k ind and extent of all identifiable effects on health and welfare which 
may be e~pected from the presence of pollutants in any body of water, 
includin~ ground ~o~ac:er. This doc~.m~enc is a revision of proposed criteria 
based upon a consideration of comments received from ocher Federal agencies, 
Stace a~encies, special interest ~roups, and individual scientists. The 
criteria contained in chis doc~en~ replace any previously published EPA 
aquatic life criteria. 

The term "water quality criteria" is used in cwo sections of the Clean 
Water Ace, section 304(a)(l) and seccion 303(c)(2). The cerm has a different 
program impact in each section. In section 304, the cerm represents a 
non-regulacory, scient ific assessment of ecological effects . The criter ia 
presented in chis ~ublicac ion are such scientific assessments. Such water 
quality criteria associated with specific scream uses when adopted as State 
wacer quality standards under section 303 become enforceable maximum 
acceptable levels of a pollutant in ambient waters. The wacer quality 
criteria adopted in the Scace wacer quality standards could have the same 
numerical limits as che criceria developed under seccion 304. However, in 
many sicuacions Scares may wane co adjust water quality criteria developed 
under seccion 304 co reflect local environmental conditions and human 
exposure paccerns before incorporation into water quality standards. Ic is 
noc until cheir adoption as pare of che State wacer quality standards chat 
the criteri a become regulatory . 

Guidelines co assist che Scaces in che modification of criteria 
presented in ch i s document, in che developmenc of wacer quallcy standards, 
and in ocher wacer-relaced programs of chis Agency, have been developed by 
EPA. 

Edwin L. Johnson 
Di rector 
Office of Water Regulations anrl Standards 
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Introduction* 

Compounds containing che cyanide P,roup (CN) are used and readily formed 

in many industrial processes and can be found Ln a variety of effluents, such 

as chose from the steel, petroleum, plastics, synthetic fibers, metal 

placing, mining, and chemical industries. Cyanide occurs in water as hydro-

cyanic acid (HCN), che cyanide 1on (CN-), simple cyanides, mecallocyanide 

complexes, and as simple chain and complex ring organic compounds (Callahan, 

et al. 1979}. "Free cyanide" is defined as the sum of c:he cyanide present as 

HCN and as CN-, and che relative concencrac1ons of these cwo forms depend 

mainly on pH and temperature. When pH is below 8 and temperature is below 25 

C, ac lease 94 percent of the free cyanide exists as HCN. When pH or 

temperature or both are higher, a ~reater percentage of free cyanide exists 

as CN-. For example, when pH is 9 and temperature 1s 30 C, about 55 

percent of the free cyanide exists as HCN. 

Alchou~h si~ple cyanides such as sodium cyanide and potassium cyanide 

readily dissociate and hydrolyze co form CN- and HCN, the mecallocyanide 

complex anions have a wide range of sc~bilicies. Zinc and c~d~ium cyanide 

complexes dissociate rapidly and nearly completely in dilute solutions, 

whereas che stability of che copper and nickel ~ecallocyanide anions are 

pH-dependent. Cyanide complexes of iron dissociate very liccle, but they are 

subject co photolysis by natural light. Release of cyanide ion by phoco-

decomposition might be important in re laci vely clear receiving wacers. 

*An understanding of the "Guidelines for Deriving Numerical National Water 
Quality Criceria for che Proceccion of Aquatic Organisms and Their Uses" 
(Scephan, et al. 1985), hereaher referred to as che Guidelines, is necessary 
in order co understand che followin~ cexc, cables, and calculations. 



The apparent coxicicy co aquatic or%anisms o f most simple cyanides and 

mecallocyanide complexes is due mainly co the presence of HCN derived from 

dissociation, photodecomposition, and hydrolysis (Doudoroff, ec at. 1966; 

Smith, ec al. 1979), although CN- is apparently also coxic (Br oder ius , e c 

al. 1977) . ~ost mecallocyanide co~plexes are not very coxic. The available 

lice~ature on the toxicity of cyanides and related compounds co fish was 

critically reviewed by Doudoroff (1976, 1980). Additional reviews on the 

envi~onmental effects of cyanides have ~een prepared by Leduc (1984), Leduc, 

et al. (1982), and Towill, et al. (1978). 

8ecause (a) both HCN and CN- are coxic co aquatic life, (b) che vase 

majority of free cyanide usually exists as the more toxic HCN, and (c) eN­

can be readily converted to HCN at pH values chat commonly exist in su~face 

wate~s, cyanide criteria will be stated in terms of free cyanide e~pressed as 

CN. Free cyanide is a much more reliable i ndex· of t oxicity co aquatic life 

chan co cal cyanide because tota l cyanide can include nitrites (organic 

cyanides) and relatively stable metallocyanide complexes. In highty alkaline 

wacers a criterion chat cakes into account the relative toxic ities of HCN and 

c~- ~ay be appropriate due co che dependence of che form of free cyanide on 

pH. 

If performed often enough over a wide ~nou~h geo~raphical area, measure­

ment of free cyanide (ASTM, 1984; Broderius, 1981) should be adequate for 

monitoring cyanide in a body of water . However, because dissociation of 

several mecallocyanide complexes is very dependent on pH 1n che range chat 

commonly occurs in many wacer bodies, a measurement such as (a) free cyanide 

at the lowest pH occurring in che receiving wacer or (b) cyanide amenable co 

chlorination or cocal cyanide (U.S . EPA, 1983a) is probably more appropr1ace 
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if only a few measurements are made on a water body and whenever measurements 

are made on an effluent. Dilution of an effluent with receiving water before 

measurin~ cyanide should demonstrate whether the rece ivin~ wacer can decrease 

the cyanide of concern because of sorption or complexation. Some 

measurements of total cyanide in the receiving wacer or effluent or both are 

desirable because if cocal cyanide is much higher chan free cyanide or 

cyanide amenable co chlorination, the importance of release of cyanide from 

metallocyanide complexes by photolysis should receive consideration. 

All cyanide concencracions reported herein are i n terms of free cyanide 

expressed as CN. Thus, data reported in the original literature in terms of 

free cyanide expressed as CN did not have co be adjusted. However, when free 

cyanide was expressed as HCN, KCN, etc., the resulcs were adjusted us1ng the 

molecular weights of t he compound and CN. When daca were reported in the 

ori~inal literature in terms of HCN, rather chan in terms of free cyanide, 

the data were converted from molecular HCN co free cyanide as CN as follows: 

(:.s~ of free cyanide as C~/L) "' (;g of HCN/L) (1 + lOpH-pKHcN) x :~~: we. CN 
we . HCN 

2347.2 
where pKHCN ~ 1.3440 + T + 273 • 16 

(Izacc, ec al. 1962) 

and T a de~rees Celsius. The criteria presented herein supersede prev1ous 

aquatic life wacer quality criteria for cyanide (U.S. EPA, 1976, 1980) 

because these new criteria were derived us1ng improved procedures and 

additional informacion. When,ever adequately justified, a national criterion 

may be replaced by a sice-specific criterion (U.S. EPA. 1983b), which may 

include not only site-specific criterion concentrations (U.S. EPA, 1983c), 

but also sice-s~ecific durations of avera~ing periods and site-specific 

frequencies of allowed exceedences (U.S. EPA, 1985). The latest literature 
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search for informacion for chis document was conducted Ln May, 1984; some 

newer informacion was also used. 

Acute Toxicity co Aquatic Animals 

Most of che invertebrate species tested were considerably mor~ resistant 

than fishes, but Daphnia sp. and Gammarus pseudolimnaeus were comparable co 

fishes in sensitivity. On che ocher hand, abouc half of the tescs wich 

invertebrate species were static and che cesc concencracions were not 

measured, whereas many of the cests with fish were flow-through tests 1n 

which free cyanide concentrations were measured (Table 1). 

Certain life sca~es and species of fish appear co be more sensLc1ve co 

cyanide chan ochers. Embryos, sac fry, and warMWater species tended co be 

che ~osc resistant. Free cyanide concentrations from about SO co 200 )g/L 

eventually were fatal co juveniles of most of the more sensitive fi sh 

species, with concentrations ~uch above 200 ~g/L bein~ rapidly fatal co most 

juvenile fish. Thus, there is a relatively narrow range of ·s·pecies 

sensitivity for fish. A comparison of acu te coxicicy values for fishes 

(Table 1) supports the conclusion (Doudoroff, 1976) chat results of scacic 

cox ic icy rests tend co be somewhat higher chan resul ts of renewal or 

flowthrough tests of equal, fairly prolonged duration. 

The coxicicy of cyanide increases with reduction in dissolved oxy~en 

below the sacuracion level (Doudoroff, 1976; Smith, et at . 1978) and ~he 

resistances of fishes co cyanide solutions chat are rapidly lechal rlec reases 

with an increase in temperature. Long-term lethality tests, hovever, have 

de~onstraced that juvenile fishes are more sensitive to cyanide wich a 

reduction in temperature (Doudoroff, 1980; Leduc, ec al. 1982; Smich, ec al. 
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1978). No pronounced relationshi p has been observed between the acute toxtc­

icy of cyanide co fishes and alkalinity, hardness, or pH below abou t 8 . 3 . 

Genus Mean ~ute Values (Table 3) were calculated as the geomet ric ~eans 

of che avai l able Species Mean Acute Values (Tab le 1). Data are available for 

~ore chan one spec ies in cwo genera and the Species Xean Acute Values in each 

are within a factor of 2. Of the 15 genera che most sensitive, Salmo, is 39 

times more sensicive chan the most resistant, Tanytarsus (Table 3). A 

freshwater Final Acute Value of 62.68 ~g/L was calculated from the Genus Mean 

Acut e Values using the calculation procedure described in the Guidelines. 

However, che Species Me~n Acute Value for the important rainbow trout is 

44.73 ~g/L . Because this value is based on the resulcs of flow-c hrough tests 

in which the concentrations were measured, ic replaces the calculated 

freshwater Final Acute Value (Table 3). At low temperatures acute effects on 

rainbow trout have oeen observed (Kovacs, 1979; Kovacs and Leduc, l982b) at 

concentrations helow che Final Acute Value (Table 1). 

Data are available on the acute toxicity of cyanide co salcwacer species 

1n three fish genera and five invertebrate genera (Tables 1 and)) . Species 

~ean Acute Values for invertebrates ranged from 4.89) ~g/L for larvae of che 

rock crab, Cancer irroracus, co over 10,000 ~g/L for larvae of t he common 

Aclancic slippershell, Crepidula fornicaca. C. irroracus is six cimes more 

sensitive co cyanide chan che nexc most sensitive species, che calanoid 

copepod, Acarcia consa. Acute values for fishes only ranged from 59 ~g/L co 

372 ~g/L. Only the genus Mzsidopsis contained more chan one species and che 

Species Mean Acute Values were within a f3ctor of 1.1 . The salcwacer Final 

Acute Value calculated from the Cenus Mean ~uce Values in Table 3 is 2.030 

~g/L, which is approxi~ately one-half the Species Mean Acute Value of che 

most sensitive of che nine species for which acuce values are available. 
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Chronic Toxicity co Aquatic Animals 

The lon~-cerm survival and growth of various freshwater fish species 

were observed co be substantially reduced ac free cyanide concentrations of 

about 20 co 50 Jg/L (Tables 2 and 5). Based on reduced long-cerm survival in 

an early life-sta~e test with the bluegill, and reduced reproduction by the 

brook trout and fathead ~innow in a parcial life-cycle and life-cycle cesc, 

the chron ic values were 13 .57 , 7.849, and 16.39 ~g/L, respectively. Life­

cycle cescs (Table 2) have been conducted with cwo freshwater invertebrates. 

The chronic values were 34.06 ~g/L for the isopod, Asellus communis, and 

18.33 ~g/L for the a~phipod, Gammarus pseudolimnaeus. 

Four of the freshwater acuce-c hronic ratios are between 7 and 11, 

whereas the one for the resistant isopod is 68.29 (Tables 2 and 3). It seems 

r easonable co use the geometric mean of the four as the freshwater Final 

Acuce-Chronic Ratio. Division of the Final Acute Value by the Final Acute­

Chronic Ratio resulLs in a freshwater Final Chronic Value of 5.221 )g/L 

(Table 3). 

Data are available on the chr onic toxicity of cyanide co the salcwacer 

fish, Cvorinodon variesacus, and the mysid, Mysidoosis bahia (Table 2). The 

early life-sca~e cesc with the sheepshead minnow,£· variesacus, showed chac 

growth was not significantly reduced at a cyanide concentration of 462 ~g/L. 

Survival, however, was significantly reduced at cyanide concentrat ions >45 

~g/L but not ac i29 ~g/ L. Thus, the chronic value for sheepshead minnow is 

36.12 ~g/L. A life-cycle test with the ~ysid, ~· bahia, showed chat growth 

and survival were not affected at cyanide concentrations <43 ~g/L. Acute 

toxicity, however, occurred at 113 ug/L. The chronic l imits for this species 

were defined, therefore, as 43 and 113 'Jg/L. The geometric mean of these 

limits re sults in a chronic value of 69.71 ~g/L . 
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The cwo acute-chronic ratios available from rests with saltwater spec1es 

are 8.306 and 1.621 (Table 3), but both of these species are relative ly 

resistant co cyanide and the acute values in chose ratios were obtained with 

juveniles of the fish and mysid. On che ocher hand, the acute value for the 

sensitive rock crab was obt ained using larvae o f chat species. Thus, chis 

acute value for che rock crab is probably a better indication of the chronic 

sensitivity of this species than would be obtained by dividing ch i s acute 

value by an acuce-chronic rac1o. Therefore, ic seems reasonable co sec ene 

saltwater Final Chronic Value equal to the Criterion Maximum Concentration of 

1.015 ~g/L (Table 3). Division of che $eomet ric mean of che cwo saltwater 

acuce-chronic racios inco che Species Mean Acute Values of all saltwacer 

species except che rock crab results 1n values chac are at lease 1.6 times 

greater chan chis Final Chronic Value. 

Toxicity co Aquatic Planes 

Daca on che toxicity of free cyanide co freshwater and saltwater plane 

species are presented in Table 4. Both freshwater and salcwacer planes show 

a wide ran~e of sensitivities co cyanide, and the salcwacer red macroalga, 

Champia parvula, is ext reme ly sens1c1ve co cyanide poisoning wich growth an~ 

reproductive effects occurring at 11 ro 25 ~g/L . Adverse effects of cyanide 

on plants are unlikely, however, at concentrations which do not cause chronic 

effects on mosc freshwater and saltwater animal species. 

Bioaccurnulation 

No studies have been reported showin~ a biomagnification of cyanide in 

the food chain (Towill, et al. 1978). Pennington, et at . (1982) found no 

detectable levels of cyanide in four spec1es of fish from a Mississippi lake . 
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Murachi, ec al. (1978) and Holden and Marsden (1964) measured the 

concentration of cyanide in various tissues of fish exposed co very rapidly 

lethal cyanide levels. It is obvious from such experiments t hat cyanide does 

penetrate aquatic or~anisms but bioaccumulation cannot be demonstrated 

because it is readily metabolized. 

Ocher Data 

Embryos of the fathead mlnnow are possibly sli~htly less sensitive co 

cyanide chan fry and juveniles, whereas embryos of yellow perch are about as 

sensitive as fry, but less sensiciv~ chan juveniles (Tables 1 and 5) 

(Broderius, ec al. 1977; Smith, et al. 1978). Several authors (Broderius, 

1970; Dixon and Le~uc, 1981; Kovacs, 1979; Kovacs and Leduc , l982a; Leduc, 

1977, 1978; Leduc and Chan, 1975; Lesniak, 1977; McCracken and Leduc, 1980; 

~eil, 1957; Oseid and s~ith, 1979; Ruby, et al. 1979) reported adverse 

effects due to cyanide concentrations as low as 10 )g/ L. In ano ther study, 

Kimball, et al. (1978) reported chat no reproduction occurred among adu lt 

blue~ills when exposed for 289 days co the lowest concentration cesced (5 .2 

~~of qcN/ L • 5.4 ~g of free cyanide as CN/L). During chis period, however, 

only a cocal of 13 spawnings occurred in two controls and no concentrat ion­

effect relationship was observ ed. Because of reservations regarding the 

spawning data, the chronic value for the bluegill was based on l ong-term fry 

survival. On the ocher hand, the most sensitive adverse effect of cyanide on 

both the fathead minnow and brook crouc was reduced reproduction. 

Unused Daca 

Some da ta on che effects of cyanide on aquacic organisms were not used 

because che studies were conducted with species chat are noc resident in 
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North America (Abram, 1964; Brockway, 1963; Costa, 1966; Lomce and Jadhav, 

1982; Woker and Wuhrmann, 1950) . Data were noc used if cyanide was a 

component of a complex cyanide ( Doudoroff, 1976) or an effluent (Lloyd and 

Jordan, 1964; Shelford, 1917). 

Some data were noc used because che results were only presenced 

graphically (Downing, 1954; Renn, 1955; Smith and Heach, 1979). Studies 

conducted using inadequate dilution water (Jones, 1941) or wichouc controls 

(Br idges, 1958; Cosca, 196Sa,b,c) were also noc used. Bringmann and Kuhn 

(1982) cultured Daphnia magna in one water but conduc ted tests in another 

wacer. Data in some papers were not used because either the test conditions 

were not clearly stated (Burdick and Lipschuecz, 1950; Ishio , 1965; Lewis and 

Tarrant, 1960; Whictin~ham, 1952) or the test procedures were considered 

inadequate (Lund, 1918; Moore and Kin, 1968; Summerfelc and Lewis, 1967; 

Washburn, 1948). The 96-hr values reported by Bui kema, et a l . ( 1977 ) were 

subject co error because of possible reproductive interactions . 

Summary 

Data on the acute toxicity of free cyanide (che sum of cyanide present 

as HCN and CN-, expressed as CN) are available for a wide variety of 

freshwater species chat are involved in diverse community functions. The 

acute sensitivities ranged from 44.73 ~~/L co 2,490 u~/L , but all of the 

species with acute sensitiv i ties above 400 ~g/L were invertebrates. A 

long-cerm survival, and a pa r cial and life-cycle tesc wich fish gave chronic 

values of 13 .5 7, 7.849, and 16.39 ~g/L, respectively . Chronic values for cwo 

freshwater invertebrate species were 18.33 and 34.06 ~g/L. Freshwater planes 

were affected ac cyanide concencracions ran~ in~ from 30 ~g/L co 26,000 ~~/L. 
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The acute toxicity of free cyanid~ co salcwac~r sp@~~es ranged from 

4.893 ~g/L co >1 0,000 ~g/L and invertebrates were both the most and least 

sensitive species. Long-t erm survival in an early life-stage test with rhe 

sheepshead minnow gave a chronic value of 36.12 ~g/L. Lon~cerm survival in 

a mysid life-cycle test resulted in a chronic value of 69.71 ~g/L. Tests 

with the red macroalga, Champia parvula, showed cyanide toxicity at ll co 25 

~~/L, but ocher species were affected ac concentrations up co 3,000 ~g/ L. 

National Criteria 

The procedures described in the "Guidelines for Deriving Numerical 

National Water Quality Criteria for the Protection of Aquatic Organisms and 

Their Uses" indicate that, except oossibly where a locally important species 

is very sensitive, freshwater aquatic organisms and their uses should not be 

affecc~d unacceptably if the four-day average concentration of cyanide does 

not exceed 5.2 Jg/L more chan once every three years on the average and if 

che one-hollr avera~e concentration does not exceed 22 ;Jg/L more chan once 

every chree years on che average. 

The procedures describ@d in che "Guidelines for Deriving Numerical 

National Wac@r Qualiry Criteria for rhe Protection of Aquacic Organis~s and 

Th@ir Uses'' indicate chat, except possibly where a locally important species 

is ve~y sensitive, saltwater aquatic organisms and cheir uses should ooc be 

affected unacceptably if the one-hour avera~e concentration of cyanide does 

not exceed 1.0 ~g/L more chan once every three years on the average. 

EPA believes cnac ~ measurement such as free cyanide would provide a 

more scientifically correct basis upon wh ich co establish criteria for 

cyanide. The criteria were developed on chis basis. However, at chis cime, 

no EPA approved mechods for such a measurement are available co implement the 
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criteria through the regulatory programs of the Agency and the States. The 

Agency is considering development and approval of methods for a measurement 

such as free cyanide. Until available, however, EPA recommends applying che 

criteria using the cocal cyanide method. These criteria may be overly 

protective when based on the total cyanide ~echod. 

The recommended exceedence frequency of three years is the Agency's best 

scientific judgmenc of the average amount of cime it will cake an unstressed 

syscem co recover from a pollution event in which exposure to cyanide exceeds 

the criterion. Stressed systems, for example, one in which several oucfalls 

occur in a limited area, would be expected co require more cime for recovery. 

The resilience of ecosystems and their ability co recover differ greatly, 

however, and site-specific criteria may be established if adequate 

justification is provided. 

The use of criteria in designing waste treatment facilities requires the 

selection of an appropriate wasceload allocation model. Dynamic models are 

preferred for the a?plication of these criteria. Limited data or other 

faccors may make their use impractical, in which case one should rely on a 

steady-scace model. The Agency recommends the incerim use of 1Q5 or lQlO for 

Criterion Maximum Concentration (CMC) design flow and 7QS or 7Ql0 for che 

Criterion Continuous Concentration (CCC) design flow in steady-state models 

for unstressed and stressed syscems respectively. These maccers are 

discussed in more detail in che Technical Support Document for Water 

Quality-Based Toxics Control (U.S. EPA, 1985). 
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Tobie 1. Acute Toxicity of Cyaalde to Aquatic Anl .. ls 

Snail, 
Physo heterostropna 

Cl adoceran, 
Daphnia 111aqne 

Cladoceran, 
Daphnia magna 

C I adocer an, 
Daphnia pulex 

C lctdocer an, 
Daphnia pulex 

Isopod, 
Asel Ius cot~~~~~un Is 

Amphlpod, 
Ga~rus pseudoiiMnaeus 

Stonet I y, 
Ptoronarcys dorsata 

Mldqe, 
Tanytarsus dlssl~llls 

Rainbow t rout (try), 
~ galrdnerl 

Rainbow trout (juvenile), 
~ galrdn .. rl 

Rainbow trout ( j uvenile), 
Salmo galrdnerl 

Rainbow trout (juvenile), 
~ golrdnerl 

Rainbow trout (juvenile), 
Salmo qalrdnerl 

s, u 

s, u 

s. u 

s. u 

S, M 

fT, M 

fT, H 

FT, 14 

S, M 

s, u 

S, U 

S, II 

s, u 

$ , lJ 

Sp.el.s....., 
Awte Value 

(.,g/l. , .. 

FRfSHWATER SPECIES 

4~2 

<I ,800 

160 160 

63 

ItO 95.55 

2,~26 2,326 

167 167 

426 426 

2,490 2 ,490 

97 

~2.1 

'>4 • I 

12 

Cairns & Scheler, 1958; 
Patrick , at al. 1966 

Anderson, 1946 

Dowden & Bennett, 
1965 

Lee, 1976 

Cairns, at al. 1978 

Oseld & Smith, 1979 

Oseld & S111lth, 1979 

Cal I & Brooke, 1962 

Cal I, et al. 198~ 

Bll Is, et al. 1977 

Sklbba, 1981 

Marking, at al . 1984 

Marking, et al. 1984 

Narkl ng, at al. 1984 



Table 1. (Continued) 

lC50 Spec les Neon 
or £C50 Acute Value 

Species Method• (.,g/Uu (II!JfUU Ref.-enc. 

Ra inbow trout (juvenile), s, u 62 ·' 
Salmo galrdnerl 

Mark\ ng, et <11 • 1984 

Rainbow trout (juvenile), s. u 74.8 MarkIng, et al. 1984 
Sal.-o galrdnerl 

Rainbow trout (juvenile), H, M 57 Sial th, et al. 1978; 
Sal.-o galrdnerl Broderlus & Smith, 1979 

Rainbow trout (juvenile), FT, M 27 Kovacs, 1979; Kovacs & 
Sal110 galrdner I Leduc , 1982b 

Rainbow trout (juvenile!, FT, M 40 Kovacs, 1979; Kovacs. & 
SaiiiiO galrdnerl leduc, 1982b 

Ra Inbow trout ( juven II e) , FT, M 65 44.73 Kovacs, 1979; Kovacs & 
~ galrdnerl leduc , 1982b 

At I ent lc sa I ~nan (juvenile), R, M 90 90 Tryland and Grande, 
Sal1110 sal&r 1983 ------
Brook trout ( sac fry) , fT, H 105··· SMith, et al. 1978 
Selvellnus tontlnalls 

Brook trout ($aC fry), FT , M }42••• Sml th, at al. 1978 
Salvellnus fontlnalls 

Brook trout (sac try), fT, M 507 .. . Smith, et al. 1978 
Salvellnus fontlnalls 

Brook trout lsac try!, fT, M 251•• • Sllllth, at al. 1978 
Salvellnus tontlnalls 

Brook trout ls•lm-up fry!, FT, M 84 Snllth, et al. 1978 
Salvellnus tontlnalls 

Brook trout lswlm-up try I, H, M 54,4 Sill I th, et at. 1978 
Salvellnus tontlnatls 

Brook trout lswlm-up lryl , FT, M 86.5 Sml th, ef <!!I. 1978 
Salvel lnus tontlnalls 

13 



Table I. CColltlnued) 

LC)O Species MNn 
M EC50 Ac:ut• Value 

seec:l•s Method. c .. 9tu .. c.,9tu .. Retaranc:• 

Brook trout (swim-up tryl, FT, H 104 Snll th, et al. 1978 
Salvellnus tontlnalls 

Brook trout (swim-up fryl, FT, "" 
90,.} Snllth, et at. 1978 

Salvellnus font I nails 

Brook trout tjuvenllel, FT, "" 73.5 Snllth, et al. 1978 
Salvellnus fontlnalls 

Brook trout (juvenile), fT, M 8) Smith, et al. 1978 
Salvellnus fontlnalls 

BrOOk trout (juvenile), FT, 
"" 

75 Smith, et al. 1978 
Salvellnus fontlnalls 

Brook trout (juvenile), FT, 
"" 

86 .4 S•l th, et at. 1978 
Salvellnus fontlnalls 

Brook trout (juvenile), FT, 14 91 . 9 S.lth, et 1111. 1978 
Salvellnus fontlnalls 

Brook trout (juvenile), FT, M 99 S.l th, et at • 1978 
Salvellnus fontlnalls 

Brook trout (juvenile), fT, M 96,7 Sllllth, et al. 1978 
Salvellnus tontlnall s 

Brook trout (juvenile), Fl, 
"" 

112 Snll th, et al. 1978 
Salvellnus fontlnalls 

Rrook trout t juven II e) , Fl. 
"" 

52 Sllllth, et al. 1978 
Salvellnus fontlnalls 

Brook trout (juvenile), FT, 
"" 

60.2 51111 th, et al. 1978 
Salvellnus fontlnalls 

Brook trout (juvenile), FT, 14 66,8 Smith, et al. 1978 
Salvellnus fontlnal Is 

8roolc. trout ( juven I I e), FT , M 71.4 Smith, et al . 1978 
Salvellnus tontlnall s 
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Table 1. (Continued) 

LC50 SpecIes Mean 
Of' EC~ Acute Velue 

S~les Nethod• c.,g/u•• c .. glu .. Reference 

Brook trout (juvenile), FT, "' 97 Stnl th, et "I • 1978 
Salvellnus fontlnolls 

Brook trout ( J uveo I I e) , FT, Jot 14~ Stnl th, et at. 1978 
Salvellous tontlnall s 

Brook trout (adult!, FT, 14 156 85 .80 Cardwel I, et at. 
Salvetlnus tontlnalls 1976 

Goldfish (juvenile), FT, M ~16 318 Cardwel I, et ol. 
Carasslus auratus I<J16 

fathead minnow (juveni l e), s, u 230 Ooudorof t, 1956 
Pl~phales prOMelas 

Fathe&d t~tlnnow, s, "' ~50 Henderson, et al • 
Plmephales pra.elas 1961 

fathead minnow, S, H 230 Henderson, et .,, . 
Pl .. phales pro.elas 1961 

Fathead minnow (fry), FT, "' 120 Sin I th, et at. 1978 
Plmephales pr~las 

Fathead minnow (fryl, FT, N 98 , 7 51111 th , et al. 1978 
Plmephales prOMelas 

fathead minnow (fry!, FT, M 81,6 Smith, et al. 1976 
Plmephales promelas 

fathead minnow ( fryl, fT, M 110 Smith, et at. 1978 
Plmephales promelas 

fathead minnow (fry), FT, H 116 Sltllth, et l!ll • 1978 
Plmephales pr~las 

fathead minnow ( j uvenile), FT, M 119 Sill I t h, et al. 1978 
P lmephales promelas 

fa t head minnow (j uven ile) , FT , M 126 Smith, et al, 1978 
Plmepha les promel as 
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Table I. (Coftt I nued) 

LC50 Specie• Mean 
or EC50 Acute ~elue 

Species Method8 (jlg/l)•• Ct~gll) .. Reference 

fathead Minnow (juvenile), FT, 14 81.'> S.lth, et ol. 1978 
Plmephales prOMelas 

fathead Minnow (juvenile), FT, .. 124 Sml th, et al. 1978; 
Plmephales pr~elas Broderlus & S.lth, 1979 

Fathead Minnow (juvenile), FT, M 1}7 Slnlth, et at. 1978 
P1mephales pr~las 

Fathead ~lnnow (juvenile}, FT, N "' Snllth, et al. 1976 
Plmephales proaelas 

Fathead 1111 nnow ( juven lie), fl, "' 105 Sin I th, et ol. 1978 
Plmephales pr0111elas 

Fathead minnow (juvenile), fT, M 119 Slnlth, et al. 1978 
Plmephales promelas 

Fathead 11lnnow (juvenile), FT, "' 131 Smith, et al. 1978 
Plmephales promafas 

Fathead minnow (juvenile), fl, 14 122 Slnlth, et al. 1978 
Plmephales promelas 

fathead 111lnnow {juvenile>, FT, M 161 Smith, et al. 1976 
Plmephales promelas 

Fathead minnow (juvenile), FT, M 188 Sml th, et at. 1978 
Plmephales promelas 

fathe~ ~lnnow {juvenile>, FT, M 175 Snllth, e t at • 1978 
Plmephales promalas 

Fathead minnow (juvenile), fT, ,.. 16} Slnlth, et al • 1978 
Plmephales promelas 

Fathead minnow (juvenile), fT, M 169 Slllth, et al • 1976 
Plmephales promelas 

Fathead minnow Cjuvenllel, FT , M 120 Br"oderfus, et al. 
Plmephates promelas 1977 
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Table I. (Continued) 

LC50 Species ... an 
or EC50 Acute Value 

seectes Method• C"g/L)•• '"!JA) .. Reference 

taTnead 111innow (juveniiei, FT, i1 i ij Broderius, et ai. 
Plmephales promelas 1977 

Fathead minnow (juv .... J I e), fT, M 128 Broder Ius , et ol • 
Plmephales pr~ela~ 1977 

fathead ~lnnow (juvenile), H, M 12R 12'> .1 Broder Ius, et al • 
Plmephales promelas 19 77 

Guppy (adult), fT, M 141 147 Anderson & \IIeber, 
n ... -.-• ••- --••-·· •-•-r UIU\.. I t I G I ltf f I \..U I a '0 

1 0"141;. 
·~,, 

131uaql II ( juven II e), 5, u l6Q Cairns ~ Scheler, 1958, 
Lepomls macrochlrus 1968; Patrick, et al. 

\<}66 

Blueqlll, S, M 220 Ca I rn.s ~ Scheler, 
lepomls m&crochlrus 1959 

Bl ueqlll, s, M 180 Colrns & Scheler, 
l Annml c tftArrnrhlrlaC.. --r-····- ···--· --···· -- \959 

Bluegill, S, M 2}0 Cairns & Scheler, 
Lepomls m;s.croctdrus 1959 

Blueqlll ( j uven lie), S, M 150 Henderson, et al. 
Lepomls macrochlrus 1961 

Slueqlll !Juvenllel, s, ... 160 Cairns & Scheler , 
Lepomls macrochlrus 196} 

Blueqlll ( try). FT, "' 364 ... S1111lth, et al. 1978 
Lepoml s Jlla,crochl rus 

Bluegill I try), fT, M 232··· Sml th, et al . 1978 
Lepoml s macroch1rus 

Blueqlll ( try), fT, M 279••• Snllth, et al. 1978 
lepomls ll\6.croch\rus 

8 1 ueq Ill I fry), FT, 14 27}•• • Sml til, et al, 1978 
Lepomls macrochlrus 
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Table t. (Continued) 

LC50 Species Mean 
cw EC50 Acute Value 

seecles ~· <I.!!JIU .. ta.stu .. Reter ... ce 

Blueqlll (juvenile), fT, .. 81 51111 th, et ol. 1978 
Lep~ls .acrochlrus 

Bluegill (juvenile), fl, M 85.7 51111 fh, et of. 1978 
Lep~ls mocrochlrus 

Blueql I I Cjuven I lei, fT, lo4 74 Smith, et al • 1978 
Lepoals .acrochlrus 

Blueqlll (juvenile), fT, "' 100 Sial th, et al. 1978 
Lep0111ls aacrochJrus 

81ueqllt ( Juven llel, FT, M 107 Smith, et al • 1978 
Lep01111s ~crochlrus 

Bluegill ( juven I lei , H, H 99 Sill I th , et al. 1978 
Lep0111ls .acrochJrus 

Blueq Ill (juven II el, FT, 14 11.5 S...ltfl, et al. 1978 
lepo•ls aacrochlrus 

Blueql l I (juven II e), FT, M 121 S..lth, et al. 1978 
Lepomls ~crochlrus 

Bluegill I j uven llel , fT, M 126 99.28 Sllllth, at al. 1978 
Lepa.ls mocrochlrus 

larqemouth bass fT. M 102 102 Smith, at al. 1979 
(juvenile), 
Mlcropferus salmoldes 

Black crappie, n, M 102 102 Smith, et al. 1979 
Pomoxls nlgromaculatus 

Yel low perch ( ert~bryol , fT, "' 28t••• Smith, et al • 1978 
Pere a t I avescens 

Yellow perch C fry>, fT, M 28&••• Sllllth, et 41. 1978 
Perea fl4vescans 

Yellow oerch !try>, fT. "' ~}0 ... Smith, et at. 1978 
Perea f lavescens 
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Tobie 1. (Continued) 

LC50 Spec les Mean 
orE~ Acute Value 

s2ec:t.s Method· c .. gtu .. c .. 9tu .. Reference 

Yellow perch (juven ile>, FT, H 8&.9 S.lth, itt 41. 1978 
~ f l ~tvasc;ens 

Yellow perch (juvenile> , FT, M 93 S.lth, et Gl. 1978 
Perea f lavescens 

Yellow perch ( j uveni le), FT, M 74,7 S.lth, et G I • 1978 
Perea f lavescens 

Yellow perch (juvenile), fT, M 94.7 Sml th, et al. 1978 
~ t lavesc:ens 

Yellow perch (juvenile), FT, M 101 Smith, -et al. 1976 
E.!!:.£!_ t I avescens 

Yellow perch (juven ile), FT, M 107 92 . 64 Sill I th, et al. 1978 
Perea flav&sc:ens 

SALTIMTER SPECIES 

COIMion Atlantic s. u >10,000 >10,000 Gardner & Nel son , 
s I I pper she I I , 1981 
Crepldul a f ornicate 

Copepod , S, u 30 Gentile, 1980 
Acartla clausl 

Mys l d , s. u 93 Gentile, 1980 
M)!sldol!sls bah Ia 

Mysld, fT, M 113 "' Lussier, et at. 
M>:s l doesls bah Ia Manuscr lpt 

Mysld, s, u 124 124 Gent ile, 1980 
Mysldoesls bigelow! • 
Mlph lpod , s. u 1,220 Scott, et al. 
All'teal lsc:a abd lta Manusc:r I pt 

f<mphl pod , S, U 1, 150 Scott, et at • 
Ameellsca abdlta Man user I pt 
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Table I. (Continued) 

LC50 Spec les MNft 
or EC50 "cute '111lue 

seectes Method• l!l9tu .. , .. gllJ .. Ret.,..ence 

Alllphlpod, s, u 704 99~.9 Scott, et at. 
Amf!ellsca abdlta Manuscript 

Rock crab C larva), fT, 
"" 

4.2 Johns A Gentile, 1981 
Cancer lrroratus 

Rock crab (larva), fT, 
"" 

5.7 4.89~ Johns & Gentile, 1981 
Cancer lrroratus 

Sheepsl\ead 1111 nnow, FT, 
"" 

}()() ~00 Scnlm~l, et al. 1981 
Cyprlnodon varlegatus 

Atlantic sllv&rslde, FT, "" ~9 ~9 Gardner & Berry, 1981 
Menldla ~nenldla 

Winter flounder, s, u 372 372 Cardin, 1980 
Pseudo~leuronectes 

arner canus 

• 5 = static, R =renewal. fl = tlow-throuqh , U unmeasured, M = Measured. 

•• Results are -pressed as trtie cyanide as Ool. 

•••Not used In calculations because data are available tor a more sensitive lite stage. 
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Table 2. Chronic Toxicity of Cyanide to Aquatic Anl .. ls 

ll•lts Chronic Value 
Se!£1es ~ (llqfl)U (llq/L}•• Reference 

fRESHWATER SPECIES 

Isopod, LC 29-40 34.06 Oseld & Smith, 1979 
Asellus COIIWIIUnls 

Alllphlpod, LC 16-21 1a.n Oseld & Sml th, 1979 
Gammarus ~seudollmnaeus 

Brook trout, LC 5.6- I 1.0 7.849 Koenst, et al. 1977 
Salvel lnus tontlnalls 

Fathead 111lnnow, LC n.J-20.2 16.39 Lind, et al. 1977 
Plmephales promelas 

Blueqlll, ELS 9.~- 19 .8 13.57 Kimbal l , et al. 1978 
Lepomls macrochlrus 

SALTWATER SPECIES 

Mysld, LC U-113 69.71 Lussier, et al. 
M:tsldo~sls l>ahla Manuscript 

Shttapshttad 111lnnow, ELS 29-45 36.12 Schl111111el, yt at. 1981 
C~prlnodon varl~atus 

• LC 2 lite cycle or part ial life cycle; ELS; early life staqe. 

•"Resul ts are expressed as tree cyan ide as D-4. 

Acute-Chronic Ratio 

Acute Val ue Chronic Volue 
S(!ecles c .. giLJ ( •g/l) ~ 

Isopod, 2,H6 ~4.06 68.29 
Asellus conwnunls 

Amph I pod, 167 18.33 9.111 
Gammarus pseudo ll mnaeus 
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Table 2. <Continued) 

Acute-Chronic Ratio 

Acute Yelue Chronic Value 
Species ( II!Jil) <•sll > ~ 
Brook trout, 
Satvellnus tontlnalls 

fathead 111lnnow, 
Pl~phalos prOMelas 

Bluoqll I, 
Lep<*ls - croch lrus 

Mysld , 
Mys ldops Is ~ 

Sheeps head •lnnow, 
Cypr lnodon varlegatus 

6}.14··· 

125.1···· 

99.28····· 

II.} 

}()() 

7 .849 10.!;9 

16.)9 7.6B 

13.57 7.316 

69.71 1.621 

)6.12 8 . 306 

••• G~trlc ~an of 19 values tr0111 Sllllth, et al. (19781 In 
Table I. 

•••• Geometric maan of 24 values fr~ S.lth, et ol. (19781 and 
6roderlus , et at. (19771 In Table 1. 

••••• Geometri c mean of 9 values fr~ Smith, et al . <19781 In 
Table I . 
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Table l. Ranked Genus Mean Acute Values with Speeles M!Ntn Acut...Chronlc Ratios 

15 

14 

12 

11 

10 

9 

8 

7 

6 

4 

Genus Mean 
Acute Value 

l .. g/L) 

2,490 

2,}26 

4:52 

426 

318 

167 

147 

125.1 

12:5.6 

102 

102 

99.28 

Species 

FRESHWATER SPECIES 

Mi dge, 
Tanytarsus dlssiMII Is 

Isopod, 
Asellus communis 

Sna II, 
Physa heterostropha 

Stonetly, 
Pteronarcys dorsata 

Go ldt Ish, 
Carass lus auratus 

Arnphlpod, 
Gammarus pseudollmnaeus 

Guppy, 
Poecllla retlcu lata 

fathead •lnnow, 
P lmephales promelas 

C I adocer an, 
Oaphn I a rnagna 

Cladoceran , 
Daphnia~ 

larq&IIIOuth bass, 
Mlcropterus saiMOides 

Black crappie, 
Pomoxls nlgromaculatus 

Bl ueqlll, 
Lepomls macrochlrus 

Species Meaa 
Acute Value 

l .. gll) 

2,490 

2,.:526 

426 

318 

167 

147 

125.1 

160 

102 

102 

99.28 

23 

Species MMn 
Acute-Chronic 

Ratio 

68.29 

9 .111 

7.316 



Tabl• l. (Cofttlnu.d) 

G•nus Mean Sp.cles MHn Spec:IM MNn 
Acute Value Acute Yelue Acut.ctlronlc 

~ ( .. gil, se.cles ( .,gil, Ratio 

l 92.64 Yellow perch, 91.64 
Perea ttavescens 

2 65.80 Brook trout, 85.80 10.59 
Salvellnus fontlnalls 

M.45 Rainbow trout, 44.H 
Salmo galrdn&rl 

Atlantic salmon, 90.00 
Salmo sGiar ------

SALT~ATER SPECIES 

8 >10,000 COIII'IIOn Atlantic >10,000 
sllppershell, 
Creeldula tornlcata 

1 995.9 Mlphlpod, 995.9 
Ameell sea abdlta 

6 312 Winter flounder, 312 
Pseudoeleuronectes 

amerlcGnus 

5 300 Sheapstlead n~lnnow, 300 6,306 
c~erlnodon varl!9atus 

4 118,4 Mys ld, IU 1.621 
Mysldoesls be~hla 

Mysld , 124 
Kysldoesls blgelowl 

.5 59 Atlantic sllverslde, 59 
Menldla •enldla 

2 ~ Copepod, 30 
!cartla~ 

4.89~ Rock crab, •• 89.5 
Cancer lrr~atus - --
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Table 3. (Continued) 

• Ranked tr~ ~st resistant to most sensitive based on Genus Mean Acute Value. 

fresh ~ater 

final Acute Value = 62.68 ~g/L (calculated tron Genus Mean Acute Values) 

Final Acute Value= 44.7~ ~g/L (lo•ered to protect rainbow trout- see t&Kt) 

Criterion MaMimu~ Concentration= (44.73 ~~Ll I 2 = 22.36 ~~l 

Final Acute-Chronic Ratio a 8.568 (see text) 

Final Chronic Value= (44.73 ~q/Ll I 8 .568 ~ 5.221 ~giL 

Salt water 

Final Acute Value • 2.030 ~9/l 

Criterion Ma~lmum Concentration= <2.030 ~giLl I 2 = 1.015 ~giL 

Final Chronic Value= 1.015 ~giL (see textl 
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Table 4. Toxicity of Cyanide to Aqu.tlc Plants 

Species 

Bl u ... qr- alqa, 
Mlcrocystls aeruglnosa 

Blue al~a. 
"'crocystts a•ruylnu~a 

Green alga, 
Scenedesmus guadrlcauda 

0 laton~, 
Navicula semlnulum 

Vol voce I es, 
ChlaMydOMOnas sp . 

Ouckweod, 
L &~~~no g l bba G3 

Euras ian woter111ll foil, 
Mvrloohvll~lll $Oicat\Jftl 

Green alga, 
Protothaca~ 

Green alga, 
Ch iOf"ella sp. 

Red olga, 
Cho111plo parvu le 

Red alqo, 
Ch.,mpla porvula 

Red alqo, 
l.homplo parvula 

Effect 

fRESHWATER SPEC IES 

Result 
1119/l )• 

90l kilt 8 ,000 

Inc ipient 75 
:ntdtd t I on 

Incipient 30 
lnhlbl Hon 

50J reduction In 277--491 
division 

No e ffect on ~~~oeon 10-100 
Of" -)( IIIIUft QI"OWth 
rate 

Decreased 26,000 
potassl~ uptake 

31-day EC50 22,400 
( root weight) 

SALTW~TER SPECIES 

Respiration 3,000 
lnhlbl tlon 

Enzyme Inhibition 30,000 

Reduced tetrasporo- 16 
phyte growth 

Reducod tetraspor- 15 
lllnq I a product I on 

Reduced temale 11 
qrowth 

26 

Reterence 

fitzgerald, et at. 
1952 

Brlngr~~onn, 1975; 
n- • .... - ---- • v .. -..­
Dt ll"jfUGUIJ G n.Utllt. 

·1976, 1978o,b 

Brlng.ann & Kuhn, 
1977o, 1978o,b, 
197'9. 1980b 

Acodewy ot Natural 
Sciences , 1960 

Cairns, et ol. t978 

Kondo & TsudzukJ, 
1980 

Stanley, 1974 

Webster & Hockett, 
1965 

Nelson & Tolbert, 
1970 

S te.el e & Thursby, 
1983 

Steele & Thursby, 
196.) 

Steele & Thursby, 
1983 



Table~. (Continued) 

SpKies 

Red alga, 
Ch11111pla parvula 

Effect 

Stopped sexual 
reproduct Jon 

• Results are expressed as free cyanide as CN. 

Result 
hg/L)• 

II 

27 

Reference 

Steele & Thursby, 
1983 



Table~. Other Data 011 Ettect5 of Cyanide Oft Aquatic Orgaftl~• 

Rnult 

s~'" Ouratl011 Effect '"glu• Reference 

FRESHWATER SPECIES 

Green alga, 96 hr Incipient 160 .. Brlng.ann & Kuhn, 
Scenedes11us guadrlcauda Inhibition 1959a,b 

Bacteria, Incipient 400-600 Brlngaann & Kuhn, 
Escherichia coli Inhibition 1959a 

Bacteria, 16 hrs Incipient Br I ngmann & Kuhn, 1976, 
Pseod~onas putlda Inhibition 1977a, 1979, 1960b 

Protozoan, 72 hrs Incipient I ,600 Brl n!JIIIann, 1978; 
EntoslphOII sulcatum lnhlbl tlon Brlng•ann & Kuhn, 1979, 

1960b, 1981 

Protozoan, 28 hrs Incipient 40 BrlngMann & Kuhn, t959b 
follcror!Sma heteros t0111a Inhibition 

Protozoan, 48 hrs Incipient 1,200 Brlng•ann, et at. 1980, 
Ch II omonas ~ar Mec I 11111 Inhibition 1981 

Protozoan, 20 hrs Incipient 270 Brlng•ann & Kuhn, 1960a, 
Uronema parduezl Inhibition 1981 

Rot I fer, 46 hrs LC50 20 ,ooo- Cairns, et al. 1978 
Phi lodlna acutlcornls 145,000 

Worm, 48 hrs LC50 ( 5 Cl 10,000 Cairns, et al. 1978 
Aeolos~a headle,ll ( 10 Cl 9,000 

< 15 CJ 120,000 
(20 C> 160,000 
C25 CJ 160,000 

Snail, 48 hrs LC50 760,000 Cairns, at al. 1976 
Gonlobasls llvescens 

Snail, 48 hrs LC50 ( 5 C> 13,600 Cairns, et al. 1978 
N ltocr Is sp. ( 10 C> 12,800 

(15 c) 10,000 
<20 C) 8,000 
C25 Cl 1,000 
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Table 5. (Coatlnued> 

Species 

Snail, 
Lymnaea emarglnata 

Sna II ( •bryo), 
Lymnaea sp. 

Snail, 
Physa h&terostropha 

Snail, 
Physa Integra 

Cllld<>e&ran, 
0 aphn I a ~~~agn.e 

Cladoceran, 
Daphnia ~~~agna 

Cladoceran, 
Daphn ia pulelC 

""'Phi pod, 
Gammarus pseudo ll~naeus 

Mayfly, 
Stenonema rubrum 

Caddlsfly <larva>, 
Hydropsyche sp. 

Hldqe, 
Tanytarsus dlsstmllls 

Coho salmon, 
Oncorhynchus klsutch 

Coho salmon (juvenile), 
Oncorhynchus klsutch 

Duration 

48 hrs 

96 hrs 

96 hrs 

46 hrs 

48 hrs 

24 hrs 

4H hr s 

98 days 

48 hrs 

48 hrs 

48 hrs 

2 hrs 

~ days 

Effect 

LC50 

LC50 

LC50 C per lod I c 
low o.o. l 

LC50 

EC50 

LC50 

Lf.SO < 5 C ) 
110 Cl 
(15 Cl 
(25 Cl 

Competition with 
Asetlus at tact:. 
OCN tolCICity 

LCSO 

LC50 

EC50 

s.,lnulllnq speed 
reduced 

Reduct Jon In 
growth 

29 

Result 
(.,g/U• 

3,300 Cairns. et at. 1976 

52, 000 Dowden & Bennett , 
\965 

190 Cafl"ns & Scheler, 1958 

I ,350 Cairns, et al. 1976 

aoou Brlnq111ann & Kuhn, 
19'.>9a ,b 

530 Brlng111ann & Kuhn, 1977b 

330 
:BO 
180 

' 
9 

500 

2,000 

<880 

10 

77 

Cairns , et al. 1978 

Ose ld & Sml tl'l, 191'J 

Rob~k, 1965 

Robisck, 1965 

Call, et al. 1979 

Broderlus, 1970 

Leduc, 1966 



Table 5. (Continued I 

Result 
seec:ln Duration Effect hg/l)• Ref.-.nce 

Chinook salMon (juvenile), 64 days 21S reduction In 20 Neqll Ski, 197} 
Oncorhynchus tshowytscha bJO!IOSS 

RaInbow trout ( juven llel , 250 min Approximate median 200 Oep. Sci. Ind. Res., 
~ qalrdnerl survival t 11118 1956 

Rainbow trout (adultl, 2 min Mean surv Ivai tIme 2,000 Herbert & Merkens, 
Salmo galrdnerl 1952 

Rainbow trout (adultl, 6 
"'' n 

Me on surv Ivai tl•e "500 Herbert & Nerllens, 
Sal.a galrdnerl 1952 

Rainbow trout (adult), 12 •In Mean survival tl111e 250 Herbert & Merllens, 
~ qDirdnerl 1952 

Rainbow trout (adultl, 12 111111 Mean survival tl111e 200 Herbert & Mer liens, 
~ galrdnerl 1952 

Rainbow trout (adultl, 24 •In Mean surv lv a I thne 180 Herbert & Merkens, 
SaiiiiO golrdnerl 1952 

Rainbow trout (adult), 12 IIIlO Mean survival tl111e 160 Herbert & Nerkens, 
SaiiiiO galrdnerl 1952 

Rainbow trout (adult), 90 1111 n Mean surv lv111 tl11e 140 Herbert & Nerkens, 
~ galrdnerl 1952 

RaInbow trout ( adu I tl, 2,525 min MellO survival Ume lOO Herbert & Harkens, 
Sol.a galrdnerl 1952 

Rainbow trout (adultl, I ,617 1111ln Mean surv lv~:~l tl111e 90 Herbert & Nerkens, 
Sol1110 golrdner I 1952 

Rainbow trout (adult), 3,600 t11ln Mean survival tlt~te 80 Herbert & Merllens, 
Sol1110 galrdnerl 1952 

R11lnbow trout (adult), 4,441 min 14eclln survival time 70 Herbert & Herkens, 
Saln~o galrdnerl 1952 

Rainbow troot, 46 hrs LC50 68 Brown, 1968 
Salmo qalrdnerl 
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Table ~. (Continued) 

Species 

Rainbow trout (juvenile), 
Sa lmo galrdnerl 

Rainbow trout (juvenile), 
S12lmo galrdnerl 

Rainbow trout ( juveni le) , 
Sa lmo galrdnerl 

Rainbow troot (juvenile), 
Salmo galrdnerl 

Rainbow trout !juvenile), 
~ galrdnerl 

Rainbow trout lyearll09l, 
Salma galrdnerl 

Rainbow t rout (yearllnql, 
~ qalrdnerl 

Rainbow trout (yearl lngl, 
Salmo galrdnert 

Rainbow trout (juvenile!, 
~ galrdnerl 

Rainbow trout lyearllnql, 
~ galrdnerl 

Rainbow trout (juvenile), 
Sa I mo qa I rdnerl 

Ra inbow trout (juvenile), 
Salmo galrdnerl 

Rainbow trout lyearllng), 
~ galrdnerl 

Duration 

18 deys 

4 days 

18 days 

18 days 

18 days 

21 days 

21 days 

21 days 

28 days 

20 days 

18 days 

18 days 

7 days 

~suit 
Ettect <•g/L)• Reference 

Welqnt qa ln reduced 9.6 Dixon & leduc, 19u l 

Increased resplra- 9.6 Dixon & Leduc, 1981 
tlon rate 

Liver damage 9.6 Obwn 4 ladue , 1981 
lnecroblosl s) 

Reduct ion In fat 19 !>IlCOn & Leduc, 1981 
content 

Hlqher relative 9.6 Dixon & Leduc, 1981 
body water content 

65S reduc tion In 19 Speyer, 1975 
weight qaln 

75S reduction In 19 Speyer, 1975 
sw l111111lng csblllty 

Hlqher rel ative 19 Spe yer, 1975 
body water content 

Altered blood chloride 
and osmolarity 

Abnonnal oocyte 
development 

Production of dlv ld lnq 
spermatoqonla 
reduced by I 3~ 

Production of dividing 
spermatoqon Ia 
reduced by 50S 

Serum ca I c I um reduced; 
hepatosomatlc Indices 
declined 

31 

9.6 leduc & Chan, 1975 

9.6 Lesniak, 1977; 
Lesniak&. Ruby , 1982 

9.6 Ruby, et at. 1979 

29 Ruby, et al . \~79 

9.6 Cos ta & Ruby, 1984 
19 



Table 5. (Continued) 

Sp-=les 

Rainbow trout (ju¥enlle), 
Sal-e galrdnerl 

RaInbow trout ( Juven I I e), 
Sol-o galrdnerl 

Rainbow trout (juvenllel, 
Solmo galrdnerl 

Ro I nbow trout (juven II el, 
Solmo gelrdnerl 

Ralnboot trout Cju¥enllel, 
Solmo galrdnerl 

RaInbow trout I J ~tv en II el , 
~ qolrdnerl 

RaIn bow trout ( ju¥en li e ) , 
Sal1110 golrdn¥1 

Rainbow t rout (juvenile>, 
~ galrdnerl 

RalnCow trout (juvenile), 
~ galrdnerl 

Oun~tlon 

24 h.rs 

21 de~ys 

21 doys 

144 nrs 

20 days 

20 days 

20 days 

20 days 

20 days 

Result 
Eff.c:t 

LC~ C 5 Cl 
(12 Cl 
tl8 Cl 

~· Refer.,.c• 

No ef feet on dry 
welqht gain 

Kidney dan~aqe 

LC50 

Reduction In 
s~tiiMIIng ability 
16-18 Cl 

lhreshold concen­
tration <6-18 Cl tor 
reduction o f 
relet Iva : 
-t ~~~~tlgM qaln 
dry weight qaln 
tat qaln 

90 Cairns, et al. 1976 
98 
92 

}J DIMon & Sprague, 
1981 

J} DIMon & Sproque, 
1961 

93 DIMon & Sprague, 
1981 

4 .8-.4} Kovacs. 1979; Kovacs & 
leduc, 1982a 

9.6-29 
<4 .6-29 
<4 .8-24 

Kovacs , 1979; Kovacs & 
Leduc, 1982o 

1 ncr ease In 4 .8-4 3 Kovacs, 1979; Kovacs & 
leduc, t982a rei at I ve water 

content (6-18 C) 

No et teet on ,., 9.6 
or dry welgnt rela-
tive qr~th rata or 
fat welqht ch.an9e 
t or 8 q t Ish forced 
to s~lm at 12 CM/sec 
and 10 C 

Increased food 111a In- 13 
tenance requirements, 
decroasen wet and 
dry weight rel ative 
qrowth rete and to t 
weight c~ange for 18 
q t I sh forced to swlca 
at 12 c~sec and 10 C 
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McCracken & Leduc, 
1980 

14cCrocken & Leduc, 
1980 



Teble 5. <Continued) 

Species 

Rainbow trout (juvenllel, 
~galrdnerl 

Atlantic sal~on (larval, 
~~ 

Atlantic salmon (smoltl, 
~sa111r 

Brown trout (fry), 
~ trut1a 

Brown trout ( fryl, 
So lmo trutta 

erown trout (fry J • 
So lmo trutta 

Brown trout <try l , 
~truth 

Brown 1r0\.lt ( juven II e) , 
~ trutta 

Brown trout I juven II e), 
Sa ii!IO trot1a ,--
Brown trout (juvenile), 
Salrno trutta 

Brown trout ( juven II el, 
~ trutta 

Brook trout (tryl, 
Sa lvel l nus fontl na ll s 

Br ook trout (fry), 
Salvell,nus fontlnalls 

Brook trout (fry), 
_Satve l lnus _!_~n_'!.!J.! 

Duration 

20 days 

58 days 

24 hrs 

8,2 ml n 

8.9 min 

8.2 lllln 

140 min 

6,58 min 

15 ,. , n 

30.1 min 

5 hrs 

\5 . 2 lll ln 

10 , 8 l'llln 

II. 7 min 

Result 
Effect (~giLt• 

Decreased wet weight 9.6 
gain tor 27 q tlsh 
torced to sw lm at 12 
em/sec and 10 C 

Abnorma I embryo and 9.6 
larval development 

LC50 (10 ~~~~ 0.0./l) 70 
1~ .5 mg 0.0./Ll 2S 

Death 8,030 

Death 4,140 

Oeath 2, 010 

Death 217 

r~ometr lc ~an 1,006 
time t o death 

Ge~etrlc mean 510 
time to death 

Goometr lc mean 320 
t lmt1 to death 

o~yqen uptake 25 
lnh lb l t ed 

Death 8,640 

Dea th 4,290 

Oeath 2,130 
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~Cracken & Leduc, 
\ 980 

leduc, 1978 

Alabaster, et at. 
198J 

Karsten, 1934 

Karsten, 1934 

Karsten, 1934 

Kar sten, 19}4 

Burdick, et at. 1958 

Burdick, et at. 1958 

Burdick, et ol. 1958 

Carter, 1962 

Karsten, 19~4 

Karsten, t934 

K~:~rs ten, 19}4 



Table 5. (Continued) 

Result 
SJ!ec:les Duration E ftec:t <.,gtu• Referettce 

Brook trout (fry), 26 lllln Death 855 Karsten, 19.)4 
Salvelfnus fontfnalls 

Brook trout (fryl, 58 lllln Death 392 Karsten, 19H 
Salvellnus fontlnalls 

Brook trout (fry), 210 Min Death 217 Karsten, 1934 
Solvellnus font lnalls 

Brook trout (fry), no hrs Death 50 Karsten, 1934 
Salve! lnus fontlnolls 

Brook trout (try), 27 days 100~ surv Iva I 20 Karsten, 19}4 
Salvellnus tontlnolls 

Brook trout (juvenile), 3.6 days Death 80 Hell, 1957 
Salvellnus tontlnalls 

Brook trout (juvenile), 40 dars he> death 50 !iell, 1957 
Salvellnus fontlnalls 

Brook trout (juvenllel, 25.5 min 75S reduction In 10 Nell, 1957 
Salvellnus tontlnalls swl~lnq endurance 

Brook trout (juvenile), 90 days Reduced growth 3':5 Koenst, et al. 1977 
Salvellnus tontlnall s 

Goldfish (juvenile), .H6 hrs LC50 261 Cardwell, et al. 1976 
Carasslus auratus 

Goldfish (juvenile), 24 hrs LC50 I 5 Cl 5,250 Cairns, et al. 1978 
Carasslus auratus 05 Cl 440 

00 Cl 280 

Golden shiner (juvenile), 24 hrs LC50 I 5 Cl 540 Cairns, et al. 1978 
Notemlgonus crysoleucas 115 Cl 310 

(}0 Cl }00 

fathead ,.lnnow, 48 hrs LC50 240 Black, et al. 1957 
Plmephales oromelas 

fathead minnow (juvenile), 5 days LC50 120 Cardwel I, at ol. 
PIM&phales promelas 1976 
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Table s. (Continued) 

Species Duration 

Fathead mlnoow (juvenile), 10 days 
Plmephales promelas 

fathead minnow (juvenile), 28 days 
Plmephales promelas 

fathead minnow (juvenile), 56 days 
Plmephales pr~elas 

Fat head ml nnow (embryo) , 96 hr s 
Plmephales promelas 

Fathead mlnno.., I embryo) • 96 !!Irs 
Plmephales promelas 

Fathead minnow (embryo). 96 hrs 
Plmephales promelas 

fa thead minnow (embryo) , 96 hr:; 
Plmephales promelas 

Fathead minnow (embryo), 96 tlrs 
Plmephales promelas 

Fathead minnow I embryo), 96 1'\rs 
Plmephales promelas 

Fathead minnow (embryo) , 96 hrs 
Plmephales promelas 

Blackno:;e dace, 24 hrs 
Rnlnlchtllys atratulus 

Channel aJtflsh (juven ile), 26 t\rs 
Jctalurus punctatus 

Channel catfIsh < j uven 11 el , 24 hr s 
lctalurus punctatus 

Flaqfl sh, 10 days 
Jordane l la tlorldae exposure 

Result 
Effect <ugtu• 

LC~O 114 

Reduced Increase In 35 
length 

Reduced Increase In 62 
length and weight 

LCSO 347 

LCSO 212 

LC50 201 

LC50 123 

LC50 186 

LC50 200 

LC'JO 206 

LCSO 220 

LC50 161 

LC50 < 5 Cl 200 
Cl5 Cl 310 
(JO C) 230 

Reduced tecundlty 6~ 
an<t hatchIng 

35 

Reference 

Cardwel I , et al • 
1976 

Lind, et at.l977 

Lind, et at. 1977 

Snllth<, et 111. 1978 

Sill I th , et al • 1918 

Sill I th, et at. 1978 

Sill I th, et al. 1978 

Sml th, et al. 1978 

Sml th., et 111 . 1978 

Snllth, et at. 1976 

llp~huetz & Cooper, 
1955 

Card-elI, et al. 
1976 

Cairns. et at. 1978 

Cheng 4 Ruby , 198 I 



Table 5. (Continued) 

Re5ult 
Seec:les Ouratlon Et tec:t c II!JIL ,. Rafare~~ce 

Mosqu I tot Ish. 96 hrs LC50 lhlqh 640 Wallen, et Ill. 1951 
Gambusle etflnls turbid! ty) 

Guppy (juvenile), 120 hrs Threshold 2J6 Chen & Sal leek, 1969 
Poecllle retlculeta concentrat lon 

Threesplne stickleback, 90 min Depressed resplra- 1,040 Jones, 1947 
Gasterosteus aculeatus tlon rate to 32S 

of no,.al 

Threesplne stickleback 824 min 14ed I an survival IJ4 Broder I us, 191J 
(adult), time 
Gasterosteus eculeatus 

fhreesplne stickleback 642 lllln ,..,,.,n survival no Broderlus, 19H 
(lt<fultl, t 11118 
Gasterosteus eculeatus 

Threesplne stickleback 412 fllln Mad Jan survival 2J7 Broder Ius, 19H 
(adult), t 11118 
Gasterosteus aculeatus 

Bluegill ljuvanllel, 202 min MedIan survival 198 Broder Ius, 19H 
Lepomls ~crochfrus tiM 

Bl ueglll Cjuvenllel, 260 min Med Jan surv Ivai 194 Broder Ius, 1973 
Lepomls macrochlrus t lrne 

8lu1J9III ljuven lie>, 351 min Median survival 165 Broder Ius, 19H 
Lepomls macrochlrus t lrne 

Rlueql I I Cjuvenlle), 258 min 1-ted I an surv Ivai 165 Broder Ius, 19H 
Lepomls macrochlrus t I me 

Alueglll (juvan II a), ~52 111ln l4ed I an surv Ivai 144 Broder Ius, 197} 
Lepomls ~acrochlrus f 11118 

Rlueglll C juven II a) , 655 min MedIan survival 127 Broderlus, 19H 
Lapomls macrochlrus t I me 

BlueQI I I I juven I I el, 48 hr s LC50 LH Cardwel I, et al. 
Lepomls macrochlrus 1976 
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Table 5. (Continued) 

Species 

SlueQIII (juvenile}, 
Lepomls eacrochlrus 

Blueqlll (juvenile), 
Lepomls m~crochlrus 

Bluegll I (juvenile), 
Lepoml s macrochlrus 

R-1 ueg Ill I juven II e) • 
~epomls ~acrochlrus 

Bluegill (juvenile} • 
Lepomls macrochlrus 

Bluegill (juvenile), 
Lepomls macrochlrus 

Bluegill (juvenile), 
Lepomls macrochlrus 

Blueqlll (juvenile), 
Lepoml s macrochlrus 

Blueqlll (adult), 
Lepomls macrochlrus 

Blu&qlll (adult), 
Lepomls macrochlrus 

Blu&qlll (adult), 
Lepomls macrochlrus 

Smallmouth bass 
(ju¥enlle), 
Mlcropterus dolomleul 

Smal lmouth b~ss 
( J uven II e), 
Mlcropterus dolomieul 

Duration 

48 hrs 

50 ml tl 

91 min 

129 min 

700 ml.n 

72 hrs 

24 hrs 

96 hrs 

48 hr·s 

289 days 

289 days 

7 .a mIn 

12.4 mln 

£ffect 

LC50 

Median resistance 
time 

Median res istance 
tIme 

Median resistance 
time 

Median resistance 
time 

LC50 

LC50 ( 'i Cl 
( 15 Cl 
no c> 

LC50 (per lod lc 
low o.o.) 

LC50 

Survival reduced 

No reproduction 

Geometric mean 
tl~~~e to death 

Geometr lc mean 
tIme to death 
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Result 
<~gil>• Reference 

280 Tur nbuli I, et at • 
1954 

960 Doudorotf , et al. 
1966 

720 Doudorott, et al. 
1966 

540 Doudorof t. et al. 
1966 

170 Doudorot t , et al • 
1966 

154 Ooudoroff, et al. 
\966 

240 Cairns, e t al. 1978 
160 
190 

48 Cairns & Scheler, 
\958 

160 Cairns, et al, 1965 

67.8 Kimball, et al. 1978 

5.4 Kimball, et al. 1978 

1, 900 Burd lck, et al. 1958 

1,430 Burd ick , et al. 1958 



Table 5. (Continued) 

Species Duration 

S111aii1110Uth bass 15,4 t~~ln 
ljuvenl le), 
Mlcropterus doloaleul 

S111a I I mouth bass :W .6 1111 n 
(juvenile), 
Mlcropterus dolomleul 

Smallmouth bass 42,8 1111n 
(juvenile), 
Mlcropterus dolomleul 

Smaii1110Uth bass 80.5 1111 n 
I juvenile), 
Hlcropterus dol0111leul 

St~~aii1110Uth bass 122 •In 
<Juvenile), 
Mlcropterus dol~laul 

SntaiiiiiOUth bass 290 111 n 
<juvenile), 
Mlcropterus dolontleul 

Largemouth bass 2 days 
( Juven II e), 
Hlcropterus salmoldes 

Larg81110Uth bass <Juvenile), 24 hrs 
Mlcropterus salmoldes 

Oyster, 
Crassostrea sp. 

OystK, 
Crassostrea sp. 

10 ntln 

J hrs 

Result 
Effect ~· 

G&OMetrlc ~~~ean 978 
time to dO<Jttl 

Geometric ~~~ean 755 
time to death 

Geometric ~~~ean 478 
tl1118 to death 

Geometric 111ean })8 
tlllt& to death 

Ge~atrlc mean 24} 
time to death 

Geometric -dn 175 
time to death 

Slgnltlcant 40 
Increases In 
opercular rate 

At tact ad opercular 10 
rhyttwn 

SALTWATER SPECIES 

Suppressed 
ciliary activity 

Inhibited 
cil iary activity 

38 

ISO 

}0,000 

Burdick, at at. 1958 

Burdick, at at. 195~ 

Burdick, at at, 1958 

Burdick, at al, 1958 

BurdiCk, at al, 1958 

Burdick, at al. 1958 

Morgan & Kuhn, )974 

Horgan, 1979 

Usukl, 1956 

Usukl, 1956 



Table 5. (Continued) 

Species Duration 

At I antic salmon, 24 hrs LC50 

~~ 

Plnflsh, 24 hrs LC50 
Laqodon rh0111bo I des 

• Results are expressed as free cyanide as CN. 

Ettect 
Result 
<..gtu• 

20-75 

69 

Reference 

Alabaster, et al. 
198.3 

Daugherty & Garrett, 
1951 

39 
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